Mode of action of dysgalacticin: a large heat-labile bacteriocin.
The mode of action of dysgalacticin, a large (21.5 kDa), heat-labile bacteriocin that is active against the human pathogen Streptococcus pyogenes, was investigated. We used recombinant dysgalacticin to determine its mode of action against S. pyogenes. Antimicrobial activity of dysgalacticin was determined by MIC assays and viability counts. The extracellular pH of glucose-energized S. pyogenes cell suspensions was measured to determine the influence of dysgalacticin on glucose fermentation. To examine the effect of dysgalacticin on glucose transport, uptake of [14C]glucose and the non-metabolizable analogue [3H]2-deoxyglucose (2DG) was measured. Furthermore, the effect of dysgalacticin on membrane integrity, intracellular potassium concentration, membrane potential and [14C]serine uptake was determined. Dysgalacticin was bactericidal towards S. pyogenes and inhibited glucose fermentation by non-growing cell suspensions. Dysgalacticin blocked transport of both glucose and 2DG, indicating that dysgalacticin targets the phosphoenolpyruvate-dependent glucose- and mannose-phosphotransferase system (PTS) of S. pyogenes. This inhibitory activity was voltage-independent, and in addition to the inhibition of glucose transport, dysgalacticin increased the permeability of the cytoplasmic membrane mediating leakage of intracellular potassium ions. Moreover, dysgalacticin dissipated the membrane potential and inhibited [14C]serine uptake, a membrane potential-dependent process in S. pyogenes. Taken together, these data indicate that dysgalacticin targets the glucose- and/or mannose-PTS as a receptor leading to inhibition of sugar uptake. As a result of this interaction, dysgalacticin perturbs membrane integrity leading to loss of intracellular K+ ions and dissipation of the membrane potential, ultimately leading to cell death.